ABSTRACT A total of 137 volunteers were recruited and tested for neurobehavioural performance before, during, and after a short duration (4 h) exposure 
Workers are often exposed to combinations of industrial chemicals during manufacturing processes, degreasing operations, painting, and drycleaning.'
The purpose of this research was to study a combined exposure to two ketones, acetone and methyl ethyl ketone (MEK). Inhalation and skin contact are the primary routes of exposure, with the former being the most common due to their volatility at room tem *Per cent of subjects reporting they were exposed or had ingested a drink containing ethanol.
tSix subjects eliminated from psychomotor data analysis for suspected use of marijuana (9-carboxy THC confirmed by GC/MS > 50 ng/ ml). One subject for excessive alcohol (BAC > 0 03).
biochemical measurements were taken to determine whether performance decrements or enhancements would result from exposures to solvents. Materials and methods A total of 137 participants were tested over a one year period. They were recruited from local universities, ranged in age from 18 to 32, and were required to pass a physical examination. Individuals with any preexisting medical condition such as pregnancy or hypertension were excluded. Urine analysis and breath analysis were used to exclude subjects (8 In the dual task presentation the auditory tone discrimination test was paired with the tracking task. Tracking error, response time to correct hits, hits, and false alarms were recorded.
Choice reaction time test
The choice reaction time test was essentially the same as has been described previously.5 Displayed on a 16 x 25 cm response panel are eight momentary push button switches with red translucent covers arranged in a semicircle above a single green button. Subjects were instructed to place the index finger of the preferred hand on the green button and only remove it when depressing a lighted red button. The test was self paced, with a minimum trial separation interval of 114 the red light and the subject's release of the green button, and movement time, the interval between the release of the green button and the depression of the appropriate red button.
Memory scanning
The memory scanning test was a computerised version of the Stemnberg short term memory scanning test,9 which tests recognition memory. A varied set procedure was used to construct two 90 trial digit lists from random number tables and arranged into single trial list lengths ofeither two, four, or six monosyllable digits (1-9); they were rescrambled for successive presentations. All digit presentation positions were probed an equal number of times in set sizes 2 and 4 and in the first, second, fourth, and sixth of set size 6. The probe digit was a test digit presented at the end of each list to test for retention of the previously memorised digits.
The digits were presented one at a time and appeared on a VDT screen for 900 msec Dick, Setzer, Taylor, Shukla consisted of 65 five choice adjective rating scales and required about five minutes to complete. Subjects were instructed to: "include their feelings during the past week including today" (one week POMS) in filling out the test and it was scored using the "college norm" profile sheet.
The eye blink reflex test data will be reported separately.
CHAMBER EXPOSURES/BODY BURDEN PROFILES
Acetone and MEK were drawn from a reservoir through a dual high pressure metering pump (EldexModel AA) into a 2 1 three vertical neck mixing flask where it was mixed with prepurified air to the desired concentration. Pressure in the mixing flask forced the vapour/air mixture into the chamber to produce the target concentration. Chamber airfiows provided two fresh air changes an hour with a constant temperature of 22 ± 1°C and humidity of 50 ± 5%. Chamber atmospheres were sampled from ports calibrated to agree with the subjects' breathing zones at each of the four test stations. Both continuous (Miran 1A infrared analysers) and periodic gas chromatography (PerkinsElmer 3920) were used to monitor exposures. Table 2 summarises the chamber concentrations by sampling times using the more comprehensive data from the infrared analysers. Allowing for buildup in hour 1, all exposure session concentrations were within 11% of target concentrations for the four hour exposure period.
Breath (alveolar) and blood samples were collected immediately on exit from the chamber. Breath samples were obtained in 5 1 mylar sampling bags using a 30 second breath holding method" and were analysed within 15 minutes using the gas Table 3 Owing to the size of the data set and the number of 4 h period (p < 0.002) and in the post: 7-8 h period figure 2) . Ethanol effects were also present in both the auditory tone single presentation (MANOVA, condition F (3,38) = 6-39, p < 0-001) and in the dual presentation with tracking task difficulty included (MANOVA, condition F (3,38) = 3-77, p < 0-018). In the latter analysis tracking task difficulty produced no significant interactions with condition, so only the analysis which used overall mean tracking scores is reported in fig 3) . In summary, chemical effects were noted in the auditory tone single presentation for all three chemical groups on false alarm %, and for acetone only, on response time. Chemical effects were the most pronounced for the acetone group; less so for the MEK or acetone/MEK group. No chemical effects were evident on the auditory tone task in dual presentation. Ethanol effects were present on all response variables in the auditory tone single presentation but only on response time and % correct hits in dual presentation. Tracking performance was not affected by the chemical conditions in either single or dual presentation, nor did ethanol affect tracking performance in single presentation. Ethanol did cause significant increases in tracking error in dual presentation.
VISUAL VIGILANCE Initial analysis determined there was no shift in the vigilance decrement (condition x time interaction) due to a condition effect. With the time periods omitted as a factor, MANOVAs were run for chemical and ethanol effects. No chemical condition effects were evident: condition (F (9,236) = 1-12, p < 0-351), condition x period (test period) (F (18,479) = 054, p < 0-939). Some effects existed in the ethanol condition, however: condition x period (F (6,154) = 2-08, p < 0.0581). The only significant result from univariate analysis was a period x condition (p < 0-02) effect on false alarm % in the exp: 5-6 h period (LSM p < 0002). The change was a 13% increase over baseline compared with the control group's 4% increase. These results are summarised in fig 4. significant condition x period interaction was found tone discrimination task (single presentation) and venous . (F (-4,12 ) .= 33-7.-p--<-0(1-1). The blood concentrations agreed with our previous work.5 The higher 3-4 ppm breath levels in the present study were probably due to reduced delay between exit from the exposure chamber and obtaining samples.
Extrapolating from our two hour blood ethanol sample, and assuming the standard 15 mg% an hour drop, most subject's blood alcohol concentration (BAC) peaked between 0-07 and 0-08% at the one hour mark.
The neurobehavioural test results indicate some mild but detectable effects in the chemical treatment conditions on the auditory tone discrimination task, and in one chemical condition (acetone) in men only on the POMS test. There was also some indication, although not statistically significant, of some acetone related changes on postural sway. In the auditory tone test (single presentation) acetone exposures at 250 ppm increased the response time to correct hits and the false alarm % rate. The false alarm % rate was the most dramatically affected, as it was directional by comparison with the two other chemical groups and the controls. It occurred in both exposure periods and was also present in the post 7-8 h period. The response time measurement was significant in the exp 3-4 h period and the post 7-8 h period but not in the exp 5-6 h period. The two other chemical exposure groups (acetone/MEK and MEK) also differed significantly from controls on false alarm %, but these differences appeared to be due to the large performance score improvements that the control group made from baseline (the control group had the highest baseline rate of any group) to the first exposure period (see figure 2 ). There were no group differences on % correct hits, so with acetone affecting two of the three measures on this test (auditory tone) and the other two chemical groups only differing on one measure, but displaying similar false alarm rates to the control group (all within 5% of one another) for the three test periods, the most likely chemical effects occurred with the exposure to acetone.
The auditory tone task in single presentation was probably an understimulating task for most subjects and possibly more sensitive to chemical effects as there were non-significant chemical effects in dual presentation (with tracking). The increase in response time probably indicates some mild depression, but the false alarm %, a ratio of false alarms to the total number of hits + false alarms, is more difficult to explain. Coupled with the lack of stimulation and difficulty of the tone detection, the absence of substantial improvement in the acetone group may indicate that 120 these subjects were more willing to guess under the exposure to this chemical. As noted below, ethanol showed a more consistent depressant effect by reducing correct hits and the false alarm rate. A delay in test score improvement with an exposure to acetone was also evident in the six day exposure experiment of Matsushita et al. 3 Magnitude of effects and the capability of a test to detect effects were measured by the ethanol conditions. The dual task showed the most dramatic ethanol effects, which may have been due to this test's position in the test order (during the one hour peak blood ethanol concentrations). Ethanol caused statistically significant differences from controls on all the auditory tone discrimination measures in single presentation, and on all measures except false alarm % in dual presentation. Tracking performance was affected by ethanol only in dual presentation but not as severely as were the auditory tone measures. These findings are consistent with other research on the effects of alcohol on divided attention tasks.'7 The visual vigilance false alarm % (MANOVA condition x period, p = 0-058) and some postural sway measures (MANOVA condition, p = 0-09) combined, are also suggestive ofethanol effects. Test order and the single administration of ethanol with its resultant rapid peak body burden level may have diminished the total effect of the ethanol condition on the tests which failed to show statistically significant performance changes.
The strength of the acetone effects in this study may be interpreted in several ways. Statistically significant results occurred in only one of the neurobehavioural tests and on only one scale of the psychological test. They also occurred on only two of the several neurobehavioural measures analysed. The performance differences on these two measures (dual task response time and false alarm %) compared with controls was roughly 11-12%, which is mild. The Matsushita et al study which exposed subjects for six consecutive days found simple reaction time differences over the full six days of about 5% at 250 ppm and 10% at 500 ppm.3 It is also interesting that the significant acetone results, which occurred with some consistency throughout the two exposure periods and even into the post: 7-8 h period, parallel to some extent the blood concentration for this chemical (see fig 2) . Blood concentrations continued to rise throughout the four hour exposure, and the post: 7-8 hour sample was still close to the two hour sample. Neither the MEK group nor the acetone/ MEK group had concentrations this high.
In summary, this study detected some mild but statistically significant effects to a four hour exposure of acetone at 250 ppm on two measures in an auditory tone discrimination task and one scale on the POMS. The -rformance changes, when detected, showed Dick, Setzer, Taylor, Shukla some persistence, which paralleled the venous blood concentrations of acetone. This gives some indication that tolerance did not develop at the tested concentrations. The acetone effects, however, were not as broad as the ethanol effects, and they occurred in an understimulating task that may have been subject to other unknown influences, perhaps including a spurious result due to the large number of dependent measures used in the statistical analyses. The findings should be taken as an indication that more research is needed.
No statistically significant effects were detected with the exposures to MEK at 200 ppm, and there were no statistically significant interaction effects with the combination exposure of acetone (125 ppm) and MEK (100 ppm). The latter finding thus provides some indication that there was no potentiation of acetone caused by MEK on the central nervous system domains tested in this study at the current NIOSH recommended exposure limits.
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In the interest of reducing the length of the paper technical details on the performance tests, test apparatus, experimental procedures, chemical generation/monitoring methods, and additional results analysis/data tables are omitted. This information may be requested from the authors.
